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ABSTRACT
An investigation was undertaken to study the fluctuations in the water quality parameters in a marine fish cage culture site off
Karwar during the period 2009-2011. Two stations viz., one from cage site (Station 1) and the other away from the cage site
(Station 2) were selected for the study. Water samples were collected at weekly intervals.  Temperature of Station 1 varied
from 28.5 ± 0.89 oC  to 32.5 ± 1.04  oC  during the first crop of Asian seabass culture in 2009-10 and it ranged between 26.7
± 0.83  to 32.5 ± 0.79 oC  during the second crop of seabass culture in 2010- 11. The salinity was minimum during July 2010
and maximum in May 2010. There was no significant difference observed between the water quality parameters of the two
stations (p>0.05). However, difference in salinity was significant between the two culture periods in Station 1 (p<0.05). No
significant difference was observed in the nutrient levels of the cage and reference sites and also between the two crops.  No
significant difference was observed between the mean weight of the fish and temperature of both the sites and periods.
A positive correlation was observed between the weight gain of fish and salinity of water at cage site.
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Introduction
Culture of many fish species in cages has been
practised for several years in different countries worldwide.
In mariculture, water quality plays a major role in the growth
and health  of the fish. Any deviation in water quality causes
stress to fish and affect the growth and production (Ponce
Palafox et al., 1997; Papoutsoglou et al., 1998). Drastic
changes in water quality parameters may lead to infection
by opportunistic pathogens causing mass mortalities
(Arulampalam et al., 1998). The main physico-chemical
parameters that need to be considered in culture systems
include water temperature, salinity, dissolved oxygen, pH
and ammonia levels (Wu et al., 1999). While most of the
studies on the quantity of nutrients released to the
environment from aquaculture activities have been
theoretically calculated, only a few of them are based on
field studies (Molina–Domínguez et al., 2001). Pichavant
et al. (2001) conducted experimental studies on the
interaction between environmental oxygen concentrations,
feeding and growth of juvenile turbot and European seabass.
Pitta et al. (1999) and Karakassis et al. (2001) made a
detailed study on seasonal changes in environmental
variables in marine cage culture. Kikuchi et al. (2002) stated
that nitrogenous waste levels affect water temperature. For
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a profitable production system, nitrogenous wastes,
temperature and stocking density are key biological
parameters (Qiang et al., 2011). From India, few reports
are available on the water and sediment quality of marine
cage farms (Anil et al., 2010;  Imelda et al., 2010;  Philipose
et al., 2010; Prema  et al., 2010). The present investigation
was undertaken to study the variations in the water quality
at the marine cage site culturing Asian seabass, Lates
calcarifer  and at a reference site, at Karwar during two
culture periods  2009-10 and 2010 - 11 and also to analyse
the effect of water quality on growth  of fish.
Materials and methods
The present study was carried out in the marine farm
of the Central Marine Fisheries Research Institute at Karwar
(lat. 140 49’ 914"; long. 740 06’ 002") comprising 14 floating
cages (diameter: 6 m; volume: 142 m3). The depth of the
water column at the cage site was 12 m and 10 m during
high and low tides, respectively. Stoking density of seabass
during 2009-10 was 3000 fish cage-1 and  5000 cage-1 during
2010-11. The fish were fed with fresh chopped oilsardine
(Sardinella longiceps) at the rate of 10% of biomass. Fish
were fed four times per day (at 0600, 1200, 1700 and
0000 hrs).
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For the present investigation, two sampling stations
were chosen to study the water quality. Station 1 represented
cage culture site where the Asian seabass were reared and
Station 2 represented the reference site without any cage
culture activity, one km away from the cage site towards
south. Water samples were collected from the two selected
sites from  two different depths, i.e., near the surface (1 m)
and from bottom of the cage (6 m). Water quality parameters
like temperature, salinity, pH, dissolved oxygen (DO), total
ammonia, nitrite and nitrate were analysed at weekly
intervals following standard procedures (APHA, 1984).
Length and weight of fish were also measured at weekly
intervals. Weight gain of fish was calculated using the
standard formula (final mean body weight - Initial mean
body weight) / Initial mean body weight.  Data were
subjected to statistical analysis using SPSS software to
determine whether there is any significant difference
between the parameters and between the periods employing
ANOVA and correlation analysis.
Results
Mean water temperature, salinity, pH, DO, ammonia,
nitrite and nitrate did not vary significantly (p>0.05)
between the two stations during the two crops. Variations
in the physico-chemical water quality parameters of cage
site and reference site are represented in Fig.1 and 2.
Mean water temperature of cage site in Station 1 varied
from 28.5 ± 0.89  oC  to 32.5 ± 1.04  oC  during 2009-10 and
26.7 ± 0.83 oC  to 32.5 ± 0.79  oC  during 2010- 11.
At station 2, the temperature varied from 28 ± 0.5 oC to
32.5 ± 0.2 oC and 27.9  ± 0.32  oC to 32.5 ± 0.24 oC during
2009-10 and 2010-11, respectively. Highest temperature
was observed during the month of May 2010. There was
no significant variation in mean temperatures during the
two culture periods (p>0.05).  Salinity of the cage site during
2009-2010 varied between 21.5 ± 0.5  to 32.8 ± 0.8  ‰ and
between 16 ± 2.5  to 32.5 ± 0.2 ‰  during 2010-11. There
was no significant difference in salinity values between
stations during the two crop periods (p>0.05).  Minimum
DO recorded at Station 1 was 3.1 and 2.42 mg l-1 during
2009-10 and 2010-11 respectively and was recorded in July
during both the crops. Maximum DO values were noticed
during May 2010. No significant difference was observed
between two stations during the experimental period
(p>0.05).
Minimum value of pH was noticed in December 2010
(7.1) and maximum during May of 2011 (8.1) at Station 1.
Although fluctuations were observed in the pH levels
throughout the culture period, there was no significant
variation between stations as well as between culture
periods (p>0.05).   Total ammonia levels of Station 1 varied
between 0.02 to 0.03 mg l-1 in Station 1 during the period
2009-10 whereas the levels were comparatively more (0.04
to 0.08 mg l-1) during 2010-11. There was no significant
difference in the  levels of total ammonia between stations
except for a high value during July 2011 (p>0.05). The
difference in the ammonia values was significant between
the two culture periods (p<0.05). Nitrite levels of Station 1
(cage site) varied between 0.1 to 0.45 mg l-1 and 0.2 to
0.6 mg l-1 during the first and second crop, respectively.
Nitrate values ranged between 1.2 - 2.8 mg l-1 during the
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Fig. 1. Variations in the physico-chemical water parameters of
floating cage site and reference site during 2009-10 and
2010-11
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first crop and 2.1 to 4.2 mg l-1 during the second crop.
Positive correlations were observed in temperature (r = 0.72,
0.8), DO (r = 0.75, 0.83) and pH (r = 0.9, 0.76) between
the samples collected from surface and bottom.
Weight gain of seabass was minimum (0.45 g) during
July 2010 and was maximum during May 2010 (3.08 g).
Whereas, the weight gain was  low during the period
2010-11 with a maximum of 2.8 g (Fig. 3).  Maximum
weight gain of 3.08 g was observed in seabass when the
salinity of the cage site was 32.8 ‰  during the period
2009-10  and during 2010-2011 the weight gain was
maximum (2.8 g) in the month of April, when the salinity
was 32.5 ‰  (Fig. 4-6).
A reduction in weight gain was observed during June
and July 2011 when the salinity and DO values of water
decreased (Fig. 4-6) ). Mortalities were recorded in cages
during June (2%) and July (5%) 2011 when there was a
sudden fluctuation of salinity and DO levels.
Water quality parameters of marine cage farm
Fig. 2. Variations in the physico-chemical water parameters of
floating cage site and reference site during 2009-10 and
2010-11
Fig. 3. Weight gain (g) of Asian seabass  cultured in cages at
Karwar during 2009-10 and 2010-11
Fig. 4. Water temperature (oC) and weight gain (g) of fish at cage
site during 2009-10 (a) and 2010 – 11 (b)
Discussion
Water quality forms one of the important factors
governing the health of fish under culture environment
(Leong, 1989). Due to the conservative nature of the marine
environment and the large water volume and exchange,
water quality variables such as total alkalinity, total
hardness, pH, DO, nitrogenous compounds and hydrogen
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sulphide were considered of little importance (Perez et al.,
2005). Vargas-Machuca et al. (2008) stated that  long period
of cultivation may lead to variations in pH, transparency,
DO, ammonia, nitrites, nitrates, phosphorus and sulphates.
No significant variation was observed in the mean values
of water temperature, salinity, pH and, DO, between the
cage and reference sites during the present investigation.
In seabass culture, optimum temperature for growth
and food conversion ranged between 26-32 °C (Kungvankij
et al., 1984). Tucker et al. (2002) mentioned that seabass
has an extremely wide thermal tolerance range (15–40 °C)
and they are cultured at temperatures from 22 to 35 °C. In
the present investigation, weight gain was maximum when
the temperature of cage site was 32.5 °C during both the
culture periods. Highest growth rate was recorded during
May 2010 when the highest temperature  was recorded
during the culture period. Mackinnon (1989) reported that
little or no growth occurred at about 20-22 °C, and increase
in general activity and feeding was noticeable with each
degree of increase at temperatures around 25 °C. In the
case of juvenile seabass, growth was optimised at
temperatures from 27 to 36 °C and they have a much wider
range for maximum growth efficiency (Katersky and Carter,
2005).
The variations in DO, ammonia, nitrites and nitrates
due to the long period of cultivation may affect the growth
and health of fish (Vargas-Machuca et al., 2008). During
the present investigation, 2 to 5% of fish mortalities in cage
were observed during the months of June and July 2011,
and the salinity and DO of water at cage site were observed
to be 16 ‰ and 2.42 mg l-1, respectively. The decrease in
salinity and DO values and increased levels of ammonia
might have resulted in increase of bacterial loads of water
and occurrence of mortality of fish during June and July
2011.   Vargas-Machuca et al. (2008) stated that the nutrient
levels of water at cage site and reference sites did not show
any significant variation (p>0.05). But they observed a
significant correlation between the nitrite and nitrate values
with bacterial loads of water. The increase in Vibrio spp.
and other harmful bacterial counts may lead to occurrence
of diseases. Vargas-Machuca et al. (2008), Baross and
Liston (1977) as well as Arumlampalam et al. (1998) also
reported that the nutrient in the water column increased
the bacterial growth especially Vibrios which may lead to
the spread of diseases. Leong (1989) reported occurrence
of ‘red boil disease’ in groupers when the water was turbid
with suspended particles. In the present study, values of
ammonia, nitrites and nitrates varied between two crops.
Higher values were recorded during 2010-11 when
compared to 2009-10. Lower values of DO and higher
values of ammonia might have lead to the attack of
opportunistic bacteria, which further lead to mortalities.
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Fig. 5. Water salinity (‰) and weight gain (g) of fish at cage site
during 2009-10 (a) and 2010 – 11 (b)
Fig. 6. DO  (mg l-1) and weight gain (g) of fish at cage site during
2009-10 (a) and 2010 – 11 (b)
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Arumlampalam et al. (1998) suggested use of pelleted feed
for cage cultured fish in order to maintain good water
quality. Fluctuations were observed in the nutrient levels
of the water samples collected from cage site during the
two crop periods which were statistically not significant
(p>0.05).
Poor water quality conditions due to high fish densities
are known to affect fish growth by reducing feed intake
and or feed conversion ratios (Ellis et al., 2002; Person Le
Ruyet et al., 2003; Lemarie et al., 2004; Bjornsson and
Olafsdottir, 2006; Santos et al., 2010). During the present
study, stocking density of seabass was 3000 per cage during
2009-10, whereas, the stocking density was 5000 per cage
during 2010-11. The higher stocking density and
fluctuations in salinity as well as DO levels might be the
reason for the decrease in the average weight of fish after
seven months of culture period during 2010-11. Further
studies on water, sediment and feed quality are needed to
understand the influence of these on growth patterns and
also to develop management strategies for attaining
maximum production in cages.
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